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CpjeTecJutttaQr 

LTs technology utilizes superconductive levitation in schemes designed for the 
mechanical transmission of fluids (toxic and nontoxic) or the mixing of solutions in 
which a sterile and non-contaminated environment is required. 

The majority of biopharmaceutical mixing technologies involve some sort of rotation 
impeller that must be mechanically supported and driven from outside the mixing 
vessel. Recently, there has been a strong effort to eliminate the external support and 
drive requirements by magnetically driving the impeller in applications where 
contamination and cleaning/sterilization requirements are severe. 

LT has developed a levitation mixer that is far superior to ad other mixing technologies. 
LTs key innovation is to utifize the unique nature of the magnetic interaction between 
supetcondutfngma magnetic elements, thereby eliminating problematic dynamic seals 
and internal bearings in the mixing vessel. 

Superconductivity has been around since 1911; however, the phenomenon has not 
been widely used in industry since temperatures approaching absolute zero were 
required to sustsun the superconducting state. This situation made commercialization of 
superconductivity impracticable since liquid helium was required to cool devices. 

In 1887. high temperature oxide superconductors (HTS) were discovered that required 
oniy the use of Bquld nitrogen as a cryogen. which is much less expensive and easier to 
handle than liquid helium. LT utilizes ceramic crystals of a particular HTS fYBCO") 
that, when cooled to 77 Kelvin, can ideally support an electrical current without any loss 
or energy. 

When a magnet is attached to an impeller, as in LTs technology, and placed above 
thermafly separated YBCO material, an electrical current is induced in the Wgh 
temperature superconductor. This creates a magnetic field capable of levitating the 
impelter /jnagnet configuration. The use of a superconducting element provides 
tevrtation that fe far more stable than conventional magnetic levitation devices. The 
levitated impelter / magnet can be remotely rotated using an external motor and 
magnet This basic configuration can be applied in devices designed to mix fluids or 
suspensions, or propel fluids as In a pump. (See Illustration 1). 




LevTech Levitation Technology 
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U° TJ»fo«<M^ia appO^^ been identified ee strong candidates for the 

oommeraanzetnn of LT& technology: 

J} 1 - ™ e mi »ng of dinical-grade bwpharmaceuticaJ solutions and suspensions in sterile 
Q disposable mfadng/storage containers or rigid vats. 
r4 o Toj^p bfeprocessed materiate and cellular bfomass for crossflow filtration. 
vJ 3. The sterile pumping or transport of blood and blood products: 

• During open-heart surgery as a cardiac assist pump. 
O * Pre-sumical temporary artificial heart 

> • In blood bank facilities. 

<< 4. The largest potential market application of LTs technology would be in the industrial 
P""? industry (04. pn, gas & water transmission pipelines). The benefits are that 

**7l ZZSS jjoyM^oe minimal servicing, maintenance, or replacement costs associated 
wim l i s levitauon pumps. 

CD 5. The movement or transport of toxic solutions or Infectious agents in hermetic 

CO a Pipes/vessels wherein environmental contamination is a mafor concern, 
o. The sterile transport of ultra pure water for. 

• The cleansing of microprooe8sor(*ips. 

• The sterile Insertion into phannaceuticai fluids for human injection. 

• Boiler feed in the power generation industry. 

t ^hfte." 81 dte P^fillf«a^«*n^ systems (MEMS) manufacturing. 

.S^^SS^ 1*5^* n™ 0 * 8 ™** of wafers during the manufacturing process 
using our levitaton technology. 

zSSS^ for me vii}rafon isolation of clean rooms or laboratories used in the 
^slnj rrtat^^ manufacture of highly delicate/sensrfive 
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Described below are the four market applications that management will simultaneously 
pursue. These applications have the highest probability for success because of the 
current level of LTs patent protection, the relative short time to market and size of the 
marketplace. 

1. BloprocessMixbig 

Need for Clean Mixing 

The biotechnology and pharmaceutical industries cunently require an isolated or sterile 
environment for the mixing of clinical-grade solutions or suspensions in both research 
and manufacturing processes. These highly controlled mechanical systems must 
provide for the uniform distribution of ingredients fei the final product, while 
simultaneously minimizing contamination. Product contamination or hazardous material 
leakage is e major health and financial concern to companies engaged in 
btoprocessing. For example, the manufacturers' cost of a single 10.000-liter 
mammaOan ceil culture batch can range up to $5,000,000. 

Puirent Process 

Today, state-of-the-art industrial mixing systems that provide the highest degree of non- 
cpntamination incorporate a reusable stainless steel/rigid vat with motor-driven mixers. 
There are two types— shaft driven and magnet driven. 



One popular example employs an impeller that is coupled by a shaft to an externally 
mounted motor. The shaft penetrates Into the vat via a dynamic seal. These seals are 
problematic since they are difficult to clean/replace and are susceptible to faflure and 
leakage. Leakage is a serious problem when working with materials such as cytotoxic 
or infectious agents, solvents with tow flash points and Wood products. (See Illustration 
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A study, presented at the Interphex West Conference In October 8, 1996 by Jeffery 
Gambifll, Engineering Team Leader at LIGKTNiN, contained the following statements. 

IMth product contamination being the number one concerns in both the 
biotechnology and pharmaceutical Industries, greater demands are being 
placed on conventional mixer technology. The conventional seals such as 
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mechanical, stuffing boxes and Bp seats, which have been around for 
decades, can only control leakage; they cant prevent it ' 

Roller Bearin g Magnet Dm/a 

111 ff^TS^^j' 1 ' ■? nw8"S«caBy driven impeller is placed inside the vat with no 
penetrating shaft, but roller bearings must be mounted to the base to provide stable 
impeller. (See Illustration 3). However, there are several significant 
drawbacks to this process: 

Since the vats are reused for multiple applications, there is the potential of 
brt*cOTtarrwiaton because of Improper cleaning/sterilization of the bearing 

Tfehlg" torque required for this bearing assembly, coupled with the need to 
dradate the suspensions/solutions around the bearings for cooling and 
lubrication can cause the denaturatkm of proteins and hemollsts ofOvina 
celts, thus reducing product yields. * ^ 

The bearings frequently deteriorate due to the corrosive reactions with water- 
based sduflons causing additional product contamination. 

""fc^ of reuMbte oonteiners is costly in terms of manpower and 
materials. Stedtoi estimates that the cost per use of this approach is 
appradmateiy $400 for deaning/sterflization and storage. Moreover, in 
wnaltons where contact manufacturers are making ten to twenty different 
SSS^JLi. 8 !I?L5 totech company toat needs to make one or more 
SSfS pat*es of ciir^gnade matenaJ. and does not have the capital to 
~.??L afl^teiniess or stainless/glass equipment for each product, the costs 
can oe pronSMdve. 
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Illustrations 

Magnetic Driven Impettar 
StatOBy Bearing Mode 



SS^KtSlJiJI to* technology that would permit the integration of 

taSUJL tS 0 ^!!^ 1 " 2 ste,fle * non^ontaminated environment LT has this 
teclmotogy. The following is an excerpt from an article appearing in Industr y News 

^^"f:JS^- ^. vaUdaiin 3 pharmaceutical manufacturing equipment 
are as hev&abte as death and taxes. Btopmcess equipment cleaning has 
%Z!£L eX £ nsive,y £ m J» la W Pharmaceutical industry In thisreganl, ptos 
SSSSE? nufZLf* SL ttS^ *° deal "«h bkKo&amlnantssucTe% 
SSffi'#.S5£fKi Bnd hfoctfous agents. To reduce the cleaning and 
bIS^^S^L^^^ 8/8 fJofagtoHards plastic storage systems as 
alternatives to glass and stainless steel. These vessels referred to as flexible 
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carboys orbioprocess container systems, am essentially high tech plastic bags 
that are discarded after use. Bag materials are chosen for inertness, strength, 
and barrier properties to prevent carbon dioxide from entering the carboy and 
moisture from exiting* The challenge has been to ensure a practical, reliable 
method of maintaining the sterility of fluids into and stored in these containers. 
Especially for handling non-critical fluids," says MiUpore Corp. Director of 
Marketing Stephen Tmgtey, "companies are looking to replace glass and 
stainless steel tanks at sizes ranging from one Bar up to 1000 liters. When tills 
has been possible, cleaning and validation Issues - at least as for as those 
vessels are concerned - go away. Today flexible carboys are used In about 
50% of the large volume applications for non-critical fluids (madia & buffers). 
The industry has readily accepted flexible carboys as storage vessels. Truly 
disposable manufacturing is still only a goal, but definitely within reach.* 

LevTech's technology now achieves this goal! 

V 

The mixing technologies mentioned above were developed for rigid vats and can not be 
applied to the utifizataon of flexble bioprocessing bags. Integrating LPs technology into 
the preparation of clinical-grade solutions via disposable bags wffl revolutionize a 
number of areas in biomedical processing. LTa tevtejtpp mtef fr Wf|}WtjMg With 
floxfcte ptesBc b?qs pnd thus permits aa ingemental, substantial PH*WW in the usage 
of plastic bioprocess baos in the btotech industry. 

A prototype of our technology has been constructed and is currently being used for 
demonstrations to potential investors, venture capital firms and potential P 




Appendix 3 
Photos of Prototype Technology Ktodete 



Shaft Driven Mixer 



This photo is a laboratory 
demonstration model showing a 
shaft driven impeller. Note mat the 
rotating shaft, with onpefter, is 
levtatad off the bottom of the vessel. 

The co nfi g ura tion shown lends ftself 
to the use of tisposable mixing bags 
. tat are presently in use for "dean" 
solution mbdhg o p er at ion s . The 
shaft and bnpelerwfl be adapted to 
dtepoeafattty along with the bag. thus 
achieving a starfe, single use mbdng 
for cDnicaHirade bk>- 



Par?fff>WPn>enHftfflr 

This photo is also of a laboratory 
de mo ns tra te ! model. It shows 
levttation technology isolating the 
pancake knpefier. The config- 
uration shown here could be used 
to mixing situations where ft Is 
desirable to keep the overhead 
dear from the drive motor. As is 
the case wtth the shaft driven 
disposable mixing bags 
disposable knpefler wfii be 
for 
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